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sub*ot: Sumnary of Spauecmft Sterilization Proyram 

1, oriebof theSteriUzat&onri-aquirement 

InA~l1958,thefnternstionslCouncilofSci~tiiic 
Unions, (ICSU), set up an ad hoc conmlttee to consider the 
possible effect of the chemical and biological aontam5nation 
of extra-terrestrial bodies by spaoe probes, The CLTEX, 
(Cenaittee on Conh*tion by Fxtroterrestrial Zxplorrrtion), 
deaAded that early hndinga of eqacearaft on the mn or 
planeta alght seriously interfere with subsequent research 
and 8uggested that an internatio.mlly recogn$eed code of 
eonduet bo established to ndnimise extra-Wrrestrial oontam- 
ination. tie comnl:tee recognized thatriskamustbe taken 
but reoomaended that they should be made as mall aa poralble. 
Special ooncrsrn was expres,aed over biological contamination 
%n the form of terrestrial microorg:misms and ambed that a 
&My of the problem of spacecraft sterilization be imapsd%ately 
undertaken. 

The Xestex conm&ttee, (Crmrnittee on 2Xobiology), of the 
Spacre Science Board of the Xational Acad- of Sciences and 
the XRC-Amed Forces Bloastronatuicm Comu&ttee also deliber- 
ated on the problem of biological contamination and expreesed 
deep concern over the pomible damage to biolocic:S lnvsstl- 
g4tions on extxa-terrestrial bod:ae by ina~vertcmtly seeding 
them with terrestrial organlams. Xr a msult, both cormittees 
recomaended to the Z&A that M&tits steps be taken to 
bqhment :L study to dwulop spacecraft decontam%nation procedures. 
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In Ootober 1959, the NASA adopted a policy in%tiating 
a plpfrsm for the st* ami applbation of m3thod5 for ths 
b%olo@ml dseontamizmt%on of all spaascraft havirg a pm- 
Wbilitg of 3qactAng or landing on the mm or planets. 
Chief responsibility for th3.s proc~m was delegated to ths 
Jet Pmpuleion Laboratow, CaUf0ml.a InstItuteof ?85bn5lo~. 

II. The Problsm of Spacsaraft Sterillsation 

Tim problsm of extra-terrestrial aontadnetion mrst bs 
oonddersd for three trpes of pb55lons: 1) the fly-by, in 
whi@dhe spaoeoraftapproachus the plan&suffbisntly 
olose to mkc worthwbils observations, 2) ths orbIting 
vshble, 3) ths lander. The fly-by spacecraft nesd not bs 
subJe&ed to direct sttwi!ization promduros if its tmJee- 
tory is fmlaulated for wrry low probability of *et. 
Antiuipat5ci fly-by ns%55,ion5 in the current U.S. spats explo- 
otion prog2-w assumes safe, non-lmpact tra~ectorlos 50 that 
110 sp5oeuraft sterit.ixiatSm requireaent is n5cessary, 
Spmwwaftuh%uhare tobepyt into orbit around a planet 
msttiergoa sterilizationtmatnwnt,s%nce the probability 
of as&k&al impact w3J.l be relatively k&h. Mkwlse, all 
landers must be 5terl.U~. 

Considerat%on ntet also be given to possible ixpt of 
the final staf,s boost rehiclcs which have a high &an@ of 
iapactingthe sxt~~r~stri~bodiesalo.7e:withthe sp5ecraft. 
Such vehlcltts will be prevented from frnpzioting by %ncludir~ 
a rstro-rookst on the booster to deflect it from an i:gaat 
tra~8otoryaft5r55p5rat%5n fmmthe spa~craft. 

'Lb0 applG&ion of blologlcal decontmdnation teehn%ques 
to sp555mftpr55ontsa nuab5rofvwydUfi5ultprobl5m5. 
Sin00 bioloflual stwility is dsflned as the som$sts abssnce 
of living or viable orga&sms, the objective of spacecrdt 
steriUsat%on is to achieve biolog%ssl sterlll~to avssy high 
dsv of probability. In order to scsomplish this it is 
musa5ary to 8pp4 sufSic3.entl.y powerful 5terilizing rsnthocis 
to destroy vUble adcroorganhns without dogratiing the functional 
performme of the spmmm&t. Tbia Is the crux of the space- 
oraft storiUsat~on problem. ?.nothor ~~CIOW difi'lCul.ty ti01ve~ 
thti intoeratlon of these ndhocis Into very coIp;?1~3x assembly, 
test,and operational procedures whbh UNA~ :arst bt, per$mmed 
tier a very close scheriule. fblilethod of 8teriUsatiosr~5t5 
uhiuh is not tims oouaumbg and which does not require o 
skilland aweftal eontm1 inappli<urtloslr Therefore, sterili55tisa 
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bposss a severe burden on the 5ngin55ring 5ehedul.e and 
the 4mgtnearing p3ups rs8pon5ible for the preperatioa 
and flight of tho 5paceoraftb 

~solstionstothesogsnsrcrf.~blars~s~, 
mey,aMaucheffort. Tireis rsquhdts cl5d.op5pass- 
5r8ftbsrdusrethati5dwnbl5to 5tcrUis5tionmetbd5ami 
to dev@lop improved 5teri?b&im techriiques axyi pmssdurt~s 
which will reduce the effeak on enghuering sshe~ules and 
ha-. Under the condItiona ofths presentmssleratsd 
spasspro~, rssearsh anddew1o~ti.n this areaisa 
pmblemin;fselipertiaularlybecau~ oftimelldtat%ons, 

III. status of u. s. ster%li5ation Prom 

The aurrmtpmmdures ineludumethodstodestroyaicro- 
otppnirmrtbstrsjhare~oopteinboddedinprcrsti5~t~risls 
or &Mron5~ smponsnt5, m&hods to stwilise the surfacss 
WhiahiirerrtedduAng theassembly procdure,arath~sto 
dsamtmlmteallexte~~~scld surfacesofthe asssmblsd 
5pa5ssmft,sndnbethod5 tomrintain the stsrility ofths spsss- 
araitafterthefinal5terUis5tionopsra~on. 

Tb 5n5ursth5tpl5sti5llat8~5& 5l5atrcnio~ohopon- 
snts arc f2ee of viable arl5r5or~.mi~, sll matsrlals, components 
ad sub-5y5t5m5 whbh are not dagradod by thmasl. exposurs ars 
subjectted to a dry heat atsrillestlon cry&o of 12S°C for 24 
hours. fir ~&cm contain5 one ormre somtpon5nt5uhbh 
ulll not endure the thermal sxposuro,it is~first heatedulth- 
out the heat sens5tive elements. The sens~tlve element irr 
wparatelOrrterUi~bqotherlnsthod5arohas~~t~~ 
eucpomreorstei9lo fabrioat&m. Xnavsry smllnumberof 
s55e5,n5ithmhs5t,r5distlom, or sterile fsbficstion%s 
po55ibleb Tha 5en5itive mmponentis thsnaddsd to the heat 
5t5rill5ed su&syatcmbp sterile asssmblyprocsdures. 'MS 
requirs5pla&gthe5ubaa~Mdth5~nent~a 
mdtabls trampore& lsolatbr which pmdts a technician to 
perform the assembly with rubbar gloves sealed to hole0 in 
themllofthe~ Thssurface8ofallader%al5are 
5t5rlll55d Justpr%ortoassmblybya st&l.i5in~gase Ths 
~~&~addcxl to the 595ystem under sobpletsly 

b 

Surfaoes that am matad durbg the 55581&y proeadurs 
are thoroughly scrubbedtithisopropyl slaoholbefom joining 
them togcthsr. Siowever,muuharore pmerfbl liquid sterilislng 
agents arsunderstudy whichuillbs available inthenearfutws. 
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Aftsr the tmwlus%on of ths smembly and test operations, 
alloxpoaed surfaues of the 5paa8ox~iftar~ subjected to a 
stsrlUrin~ga58n.Surs eoqxmd of12 per eentethylene oxide 
and&8~ros~P~~~,for~tcours,et35to4j psrwnt 
relatbe hum%dity ud at room t5anperakut. Thir opsration is 
perfonmdby phoing the 5pacscraftvcWalna cbambar consist- 
lng of the vehicle .wse cone which has been designed with 
sufficient 58aUng tq 

8 
wtion as a gassing chamber and as 

a protwtlon agalnat 0ontamAn~tion attar starilisatlon. 
Ths nose con8 is rot remved until the apacacrsft 15 ejeoted 
beyond the atwsphsre of the esrth, 

OS* the above 1u&hod5, the prcsent 5~rili5ation pro- 
osdure for lunar 5paoscraft c 
largest 5ub455tmbli85 oonslat OBRH 

pts of fix-at hssting ths 
tiththe nu&crofheat 

sensitire pert8 in the system, hat sensitive aoaponenfr 
are then addd to the aub-55arlsoblie5 by sterile asssmbly 
teeb&ques. Sub4855mb3k35 ars then fitted together using 
Uquid sterllants to 5twiliz.e mating surfaces bcfora joSn= 
In& After finarl test operations are performed, the spaeso~ 
is acpc5txl to the 5tsrlllelng es5 mlxture for eleven hours 
atteruh%chthtz gi~5i5gmrged fromthe chaakbwuitbnitrogsn 
sterilfsed by passage through a bacteriological filter. The 
spaaecraft Is thereai’tar protwted from fkrther con&&nation 
dut%gfb&d operat5onsandlaunch. 

AZthowhtho ourrefit 5txlUzatiori procedures are OoQI- 
5idSr5d edW$U8te for the oorljr lunar missions, more stdngmt 
aetb~ds are baing contm~lated for lhrtuw planetary spacecraft. 

&trmnt stud%es have shown t&&t the dry bat slm-%Usation 
oyale of l25 decrees cunti~r&tc for 24 hours appears to bs 
adequate for destrc$ir.g organisma doeply 3&edded ln plastics 
and slwtrode scmjmnents. However, fkwthcr studies uill be 
madeto assum that this teohrrimm 9.s cntiruly adequate 3,n all 
cases, or whether longer times and hichar taapzrstures uXU 
bs requSr5d to sterilies with ccrtain~. 

Ths use of liquid at&l-ante in assembly opcrat%ons is 
considered undesirable for planetary spacecraft atarilieation 
or whenever the highest degree of deuon~tion is rcquimdo 
Itis Sntendedthatthe use of thisn~thod u&l1 be niniad8ed. 
The we of liquid steribnts involv&~ hundreds of itiividual 
5terUitirly operations and conaequent3.y reriwsa the aertabty 
of &erili*g due to the ohanuas of ermm in applicstion. In 
w555uhereth8ymu3tb5 used,ituillb5n85e55aryt5 snforas 
strict oontrolovurthe pmaedurs. Altho~h gaasous sterile- 
etiorr is one of the best available a&hod5, it is Ums consuldlDg 
snd will not penetrate deep into Paterlals to &erAlioe 5mbedded 
microorgani~. 
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The present thinking on achieving highly efficient 
decontmination involves the concept of thermal eterili- 
cation of the co@etely assembled e 

tr 
cecraft under a 

sealed noes eon& or shroud. Under ' es8 conditions, both 
surface amI internal sterilfaatlon buld be performed 
S~t8MOUS~. Thle teohnique would greatly increase 
the probablllty of achieving complete biological detcon- 
tamlnatlon of the spacecraft by reducing the procedure 
to a ringle, controlled operation, instead of many 
operationr. It would relieve the engineering groups 
of the reaponeibillty of integrating sterilization into 
emh indhidual sub-system assembly and testing pro- 
wdure, and tmld reducro the decontamination procesp 
to thendnimarrnoiopsrationalcomplexi~~ 

Nowever, in order to accomplish this objective a 
eonelderably large engineering effort will be Involved 
in order to develop a epecemaft eyetem co.aposed completely 
of thermally strible elements. In existing lunar epcecraft 
an estimated 99 percent of the electronic components can 
eurv%ve arxi fun&ion after the heat eterilleation oy6l.e. 
Many of the opponents are designed to operate at high 
tempemtures without special fabrication. At least 99 per 
cent of the plastic materials included in these epaeecraft 
w5l.l 8180 endure this cycle. Efforts are being mede to 
lnitiete hrdwme developaentina fewareas thatwill not 
pezmlt eterilieation by heat. The noet important heat 
eenoitlve components are batteries, solid propellants, 
transistors and diodes, magnetic tapes, and pyroteehnlo 
a&u&ore. Although the relative numberof therebally 
l eneltive dmiaee is small, the engineering effort required 
to replame them with stable devieee wIl1 be large. 

Other problem areas whIti will be investigated bre 
the long tens effects of the heat cycle on components, i.e., 
effests on the expected life of the component ;Itkr heating, 
and the effeete on system calibration, because with a final 
thenml eterllieatlon teahn%que, systeme that have drifted 
out of aallbration oannotbe directly recalibrated. 

IV0 Evaluation of the Sterilieation Requirements 

Beuauee of the hardship Introduced into the engineering 
pb8er of the national specs program, and the high coplt.%n 
dollar8 and man hours, which are i,mpIied in the 8terllieAlon 
requ$remente, consideration of the necessity of this req&rement 
should be made., 
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fhe 8oiSntiiia value of the 8teziliaati.o~ pm- ir 
undani&hle de8plto obje&&orm to the mmtrary by one or 
t# &@tQUtZLbl8 S~it%lt%Str. The eeeenoe for the defense of 
8paaemaft 8terilieation re8t8 in the fact that no dire& 
kwledge ir available ablrut the surface eavironments of 
etxtrwtarrestri~ti bodies, rugadle88 of the th#w8tioal 
eonrridmMon8 upon whioh ~e~l.mportame of sterilleat%on 
is den%& %a po8sibilit~e8 which aoneern reputrrhle bio- 
h@ete do w&t, and it will be imp88fble to detwadm 
ii tatem really is a 8ter5lisa.on pxalem lmtu. 8tMml 
obsorvatioxm are obtaind at the eurface of these bodie8. 
Early spzmeprobe exprinwnte sbntid bedesigned todo 
thi8. he to the extreme Importance t&t Snformtion on 
mxtra-terxw~Molo~yuould baveonunderstand2ngthm 
Mtontaad Od&SOf uiO,JUld f&8 flsdthsto 85X&h 
8paceprobe bearinga eingleviablendcroorgani~~oould 
poton~d~ fo~er,thev~idi~ofthfs.iniorc 
mat&on, the eterilisation of ewh rpaceumft 8eeme necosmq 
fmm a moral and political stardpoint as well a8 a scfentiiio 
ao. 

-5 rewonable ri8kS wizl be necessary because 
it-1 be impo8s$ble to land on the p#)n or the @met8 
ultbouteome ehanueof titmducingabiologieal eontamtnak. 
!bm&hod is perfeotnoaratter howwell thoughtout emi 
tWb& bVWthe~oS8, our aethod8 8hould be a8da a8 *Sat 
a8 porrsiblc eo that every reaeonablo precaution will have 
b8en taken to ermara the inbgr&ty of our studies. 

]I+clrr though detailed knowledge of the hnar 8ux%aos ir 
&MU, knouledgs abmt the atmos?ht'rc-, 8urfaee teqer;&ums 
and u&m-violet radtition lmml8 are known to a hi,@ decrm 
of mmfidenoe. On %he bad8 of thick k.?OWredgc, m8t bio- 
log%8tS agree that ri&S to 5cientffic exploration are not 
dangmnmly heh if auffieientLj 8maU aamnts of Mological 
~tcr%al. were :~ccidentally landed on the mmb #icroorganiams 
lax&d on& lunareurfacre would notbeexpected togrow 
booauoo of the lack of water, nor would they 8urv%m for 1~ 
because oftheintc;?neeultravioletr6uUtion zM3kAngthe 
eurhao ad the high eurface~teqmratures. However, micro- 
organMe which mre Wadded beneath a layer of duet would 
be pmtocted against both ultrariolet and high heperatures. 
Underthe8econdition8 ecmkeaicroorgani8memQhtbeexpeoted 
to etiwlxre in a dormant stats for very long periods of ties. 
ThO w danger to subsequent in+estigat&on8 would be in the 
m-detection of these dormant conteminant8. If eueh contam- 
iMtlt8 WeXW kept Very 3d.l and COniined t0 i'8dl~LI Of 
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bwver, if w do not exert rerioua offork in thb 
m, and it turn8 out to hve bem Iwcerr.ax7 after a& v) 
my be in the pdtiosl ai hwing de8trcycd the mast 8%@- 
fla8nt8aie!1tiffc diecover%e8 in ban histOry. 
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